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Health Effects of Acid Precipitation:
Overview
by Robert A. Goyer*
The papers in this issue of Environmental Health
Perspectives EHP on potential health effects from acid
rain are from the Conference on Health Effects ofAcid
Precipitation held at the National Institute ofEnviron-
mentalHealth Sciences, ResearchTriangle Park, North
Carolina, in November 1984. The planning began about
a year earlier as an outcome of a small workshop to
discuss whether or not the potential for human health
effects from acid rain was acredible research topic. The
report ofthis workshop is published in a previous issue
of EHP and serves as the background for this confer-
ence.
Acid rain has become a household word in recent
years and one can easily gain the impression that it is
anewproblen. Actually, itmaybe anoldproblemwhose
growth has been insidious. The phenomenon was prob-
ably recognized more than 100 years ago. John Louma,
in his recent monograph, Troubled Skies and Troubled
Waters, The Story ofAcid Rain, (1) cites a book pub-
lished in 1872 called Air and Rain, The Beginnings of
ChemicalClimatology. TheauthorofthebookwasRob-
ert Angus Smith, ageneral inspector ofalkali works for
the British government, and it addresses such topics as
"Air ofLondon," "Air ofImpure Places," and "Bad Air
and the Sensations." Smith is supposed to have iden-
tified the phenomenon of acid rain and coined the term
"acid rain." Little recognition was given to the problem
againuntilthe mid-1950s withthe deadly"London Fog"
episode. Since that time, the phenomenon has been
quite visible and has received considerable attention,
first in Europe beginning some 25 years ago, and in the
United States over the past 10 years. An importamt
point for emphasis is that acid rain is a phenomenon-
not a toxic substance per se-but it can be the raison
d'etre for increased human exposure to air pollutants
and toxic metals. Therefore, research which addresses
the human health effects of the acid rain phenomenon
is not separable from investigations ofthe involved spe-
cific toxic substance. On the other hand, the acid rain
phenomenon contributes to human exposure to these
substances so that any consideration 9f the impact of
theacidrainphenomenon onhuman healthmustinvolve
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a wide range of disciplines.
There were two intended objectives of this confer-
ence. The first was to identify the body of information
that pertains to the possible health effects of acid rain.
The second was to identify research needs and, hope-
fully, capture the interest of appropiate scientists.
Theseobjectiveswereaddressed intermsofthethree
major components ofthe acid rain issue: (1) respiratory
effects related to inhalation of acid pollutants; (2) mo-
bilization (solubilization) and change in speciation of
toxic metals in soil and water as pathways to man; and,
(3) influence of these changes on human exposure and
toxicity to metals. Other possible health effects that
have been considered by others are effects on skin and
eyes but, at the present time at least, there is not suf-
ficient evidence to warrant review of these topics.
Some ofthe highlights and conclusions from the Con-
ference are as follows. There is need for more infor-
mation on effects ofhydrogen ion per se on respiratory
function/pathology versus sulfates. There is need for
epidemiologic studies on low level H2SO4 exposures as
occur in minor periodic environmental pollution epi-
sodes (12-30ofthese transient episodes occurinlimited
portions of eastern United States per year). And, fi-
nally, additional studies are needed to determine the
minimal toxic levels of acidic pollutants that produce
respiratory effects in susceptible populations, e.g.,
asthmatics, peoplewithchronicbronchitis, emphysema,
etc.
Although much is known about the biologic effects of
lead, cadmium, and mercury, there are large gaps in
knowledge about contribution ofthe acid rain phenom-
enon to mobilization, effects on speciation, and increase
inhuman exposuretolead, cadmium, andmercury. This
topic might be considered in a broader research initia-
tive concerned with human ecotoxicology, that is, ef-
fects of changes in ecology on human health. This de-
ficiency was conspicuous in the conference, where the
research of ecologists seemed focused on nonhuman bi-
ology and not readily interpretable in terms of human
health.
Presentations on the relationship of potential health
effects of aluminum and acid rain demonstrated that
speciationofaluminumisalteredbypH ofwater(mostly4 R. A. GOYER
increase in aluminum citrate), and solubility and con-
centration of aluminum in water is increased. An en-
cephalopathy occurs in hemodialysis patients that is re-
lated to aluminum content of water, and finally
aluminum is present in neural tangles in the central
nervous system ofpersons with Alzheimer's syndrome.
There are gaps in the understanding ofthe role ofalu-
minum speciation and transport in human tissues, par-
ticularly across the blood-brain barrier as well as the
cellular pathology ofaluminum. In particular, there are
few if any appropriate animal models to date.
The three papers in this issue by Lippman (2), Wood
(3), and Nordberg et al. (4) contain more complete com-
mentaries of the papers presented at the conference.
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